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Specific Goal: Analyze and correct for faults in the Low Speed Shaft RPM 
calculation 
Approach: Reconstruct Low Speed Shaft RPM calculation, then improve it 
Type 1:Oscillations 
Oscillation occur between readings of 
17 and19 RPM 
Source file: 2011 10-24 22-25-56 
Type 2:Spikes and drops 
The LSS RPM readings will 
dramatically drop or spike at random 
moments 
Source file: 2012 10-15 22-29-18 
Objective: Reduce faults such that wind turbines can run as 
efficiently as possible 
  National Renewable Energy Laboratory National Wind Technology 
Center(NREL NWTC) engages in wind turbine and wind farm research 
NWTC performs research on 2 Controls Advanced Research Turbines 
(CART2 and CART3). CART2(depicted on the left) is a two-bladed turbine 
while CART3 is a three-bladed turbine 
Faults are problems with the turbine, including sensor and component 
failures as well as problems within the control system. 
Faults trigger normal and emergency stops, reducing availability and 
therefore  energy capture  
Background  
Methods cont. 
Error Analysis and Refinement of Wind Turbine Low Speed Shaft RPM 
Calculations  
Depiction of  the inside of a wind turbine [1] 
Step 1: Understand Normal Conditions 
1. Look through many data plots 
• Look through different data channels 
to understand what it is explaining 
2. Understand what causes faults 
• Look at data where a fault was 
detected 
• Where a normal stop was trigger 
• Where a emergency stop was trigger 
3. Devise guide of how to find faults within 
channels 
• Explain what the data is showing 
• Use guide to find if there is a fault or 
not  
• Analyze if it is a fault or a data error 
Step 2: Investigate LSS RPM errors 
1. Find LSS RPM errors  
2. Compare with other channels 
3. Analyze LSS Position  
4. Analyze Lab View Code 
5. Implement discrete time filter in Matlab 
6. Update procedure for LSS RPM calculations  
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•The RPM  oscillations 
seemed to have nothing to 
do with Position 
•No Position error at the 
time of RPM oscillation 
•Allow to rule out 
Position error as cause 
of RPM error 
•Allow to concentrate on 
the Lab View coding 
•Found an error in the if 
statement 
•The sample rate was 
coded as 0.06 instead 
of FR*6 
•FR is the sampling rate 
which is different in 
some data files 
 
 
Problem Type 1: Oscillation Errors 
Problem Type 2: Spikes and Drops Errors 
Persistence Equation 𝐸𝑞𝑢𝑎𝑡𝑖𝑜𝑛 2 𝑤ℎ𝑒𝑟𝑒 𝛽 = 1 
 Flowchart that explains the existing 
(LabView) LSS RPM calculation 
procedure 
• The spikes and drops occurred quickly and randomly 
• The position shows small “bumps” in the data 
• Noted by the red circle in the upper plot on right  
• The “bumps” translate to the RPM readings as 
spikes and drops 
• Noted by the blue circle in the lower plot on right 
• Since LSS Position errors impact just one data 
sample, we used “persistence” to correct this 
problem in the LSS RPM calculation 
 
 
• Using persistence the procedure of RPM has 
changed 
• If the first condition is false it enters another 
condition 
• A counter is used to count sample steps when 
a position value is outside the predicted value 
• If the value is outside for less than 2 
consecutive sample steps the Persistence 
equation calculates value 
• If more than 2 steps, it will return to equation 2 
without persistence 
 
• Persistence useful for only the Spikes and Drops 
error 
• As shown in the plot on the left 
• Green line is the original data  
• Blue line is data when using Persistence 
method 
• The data fits reasonable sense of how the 
RPM should have been calculated 
 
• Oscillation error was able to be corrected by correcting Lab View coding 
• Persistence Method successful in fixing spikes and drops 
• The spikes and drops suggest error in the signal from position encoder 
• Suggest future research based on the LSS position encoder 
• Oscillations stopped occurring after  March 5, 
2012 
• Changing the coding of the Lab View fixed the 
data where the sampling rate was hardcoded 
incorrectly 
• Persistence method attempted on Oscillation 
errors 
• The method was unsuccessful 
 
𝒚𝑳 𝒌 = 𝜶𝒚𝑳 𝒌 − 𝟏 + (𝟏 − 𝜶)𝑼𝑳(𝒌) –Equation 1 Discrete 
Time Filter 
𝒚𝑳 𝒌 =  𝜷𝒚𝑳 𝒌 − 𝟏 + (𝟏 − 𝜷)𝑼𝑯(𝒌) – Equation 2 
Symbol  Quantity 
α Filter Coefficient 
β Filter Coefficient  
yL LSS RPM 
UL LSS Position 
Difference 
UH HSS Position 
Difference 
Picture of  the CART2 from NREL NWTC  
LSS Position and HSS Position are measured 
using two position encoders in the nacelle, one on 
the low-speed shaft and one on the high-speed 
shaft. 
LSS RPM is derived from the LSS Position 
measurement using a discrete-time derivative and 
discrete-time filters 
  
HSS RPM is derived from the HSS Position encoder in a 
similar manner 
Updated flow chart of the LSS RPM 
calculation procedure using persistence  
LSS Position and RPM with circled spike 
 Upper left plot displays the LSS RPM with oscillation errors 
 Upper right plot displays the associated LSS Position  
Plot where the green line is the original 
data with spike and blue line is the data 
using  persistence  
